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4 Foreword 
The climate is changing. It is now widely recognised that this is due to a number of factors 
both natural and anthropogenic. What is widely agreed upon is that our current trajectory in 
terms of the associated global warming will bring with it many problems at great expense on 
a global scale. A response to climate change is now being undertaken by many governments 
and organisations and the main focus response strategies being deployed is to significantly 
reduce global greenhouse gas (GHG) emissions.  
The scale of the reduction required should not be underestimated. Once CO2 enters the 
atmosphere, most of it remains there for more than 100 years meaning that even if emissions 
are stabilised today, the atmospheric concentration of CO2 would continue to grow as long as 
emissions remain at rates above that at which the Earth’s systems can absorb it. To stabilise 
these atmospheric concentrations, global CO2 emissions must be reduced from today’s level 
by approximately an order of magnitude, i.e. to a tenth of current levels (International 
Energy Agencey , 2011). 
In a recent International Energy Agency (IEA) publication Energy Technology Perspectives 
2010 (ETP), projections show that by 2050, energy-related carbon dioxide (CO2) emissions 
will be two times 2007 levels in the absence of new energy policies or supply constraints, this 
is primarily due to increases in low cost energy demand being met by the use of fossil fuels 
and a rise in the carbon intensity of primary energy.  
This alarming rate of change has brought a call for a 50% reduction of global emissions from 
1990 levels by 2050. Further, for high per capita emitters such as Australia and New 
Zealand, reductions of 90% have been called for by 2050 (International Energy Agencey , 
2011). Climate models show that if these targets can be met the atmosphere will stabilise 
with greenhouse gas (GHG) concentrations of 450 – 550 ppm CO2 equivalent (CO2e). 
Another factor that is widely agreed upon is that early adoption of these targets will not only 
minimise the cost of CO2 abatement, but also reduce the risk of failure to meet the emission 
targets.   
New Zealand currently ranks 11th for GHG emissions per capita (World Resources Institute, 
2013) and emissions have risen by 26% over the period 1990-2006 (MfE, 2008). Modelling 
from the Ministry of Business Innovation and Employment and the Ministry for the 
Environment has indicated that continued emissions growth is likely under current 
economic and policy conditions (MfE, 2009) (MBIE, 2011).  
In 2011 global CO2 emissions from the combustion of fossil fuels were in the order of 31.6Gt 
per annum (IEA, 2011) this is the equivalent amount of CO2 that if held in a liquid state 
would fill ~41 cubic kilometres.  
New Zealand’s current emissions are around five times the global average per capita. This 
figure is reducing, however not for positive reasons but due to the global average rise in 
emissions.  
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Table 1 Global Emissions Profile (Source: IEA) 
 
The graph below shows the options available for New Zealand to reduce greenhouse gas 
(GHG) emissions. Globally the potential for carbon capture and storage (CCS) to reducing 
GHG has been estimated at 20% (IEA, 2011), however given New Zealand’s current strong 
renewable contribution - 74% in 2010 (MED) CCS will not provide the same reduction 
potential. Given New Zealand’s Industrial processes, and fossil fuel endowment CCS does 
feature as an important tool in New Zealand’s future GHG abatement strategies.   
Table 2 New Zealand’s climate change solutions (Source: MfE) 
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5 Executive Summary  
Carbon capture and storage (CCS) is a technology that is being looked at globally as a way to 
abate carbon emissions. The technology has not yet been implemented in New Zealand, but 
major world authorities are increasing resources for R&D and undertaking political, legal 
and regulatory change. Large investigations are also being undertaking assessing CCS 
feasibility on a country-by-country and intra-industry basis.  
Investigations into the role CCS will play in New Zealand have been underway for almost a 
decade, these have mainly been authorised by the government but we are now starting to see 
industry involvement and interest. Given the nature of New Zealand’s limited progress in 
CCS to date it was decided that the investigations represented in this report would be high-
level in nature, providing recommendations and observations concerning a variety of 
stakeholders.  
The New Zealand position of greenhouse gas emissions is 26.4% above 1990 levels (New 
Zealand Climate Change Research Institute , 2012). The previous commitment to carbon 
abatement under the Kyoto protocol was to reduce emissions to 1990 levels by 2012. 
Emissions are projected to rise still, and government support has recently weakened for 
serious reductions.  
However support does exist for CCS within the New Zealand government and associated 
authorities. The Ministry of Business Innovation and Employment has stated that:  
 The cost of greenhouse gas emissions will be increasingly factored into world 
markets; 
 Non-renewable energy sources will continue to be an important part of the global 
energy mix for the foreseeable future; and  
 Given New Zealand’s fossil fuel endowment, the government will continue to 
participate in international carbon capture and storage research initiatives (Ministry 
of Economic Development , 2011). 
5.1 CCS Applications  
There exists potential in New Zealand for various forms of CCS. Large point sources of 
carbon dioxide include:  
 Thermal power stations: retrofits to current stations or new builds with CCS; 
 Natural gas processing: retrofits to current natural gas sweetening plants, future 
builds and also possible future liquid natural gas plants (LNG); 
 Coal to liquid (CTL) plants: new builds possible with lignite resources in Southland; 
and 
 Industrial plants: e.g. steel, cement etc. 
Technologically New Zealand is not a contributor and not expected to be one for the 
foreseeable future. We have a small oil and gas industry and power generation sector and 
thus small R&D budgets to drive CCS. However, our major trading partners China, Australia 
and the United States are all heavily involved in CCS demonstration.  
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New Zealand’s mountainous terrain, high rainfall, wind, geothermal potential and low 
population base are all factors reducing demand for growth in fossil fuelled power 
generation. Without the opportunity for iteration born out of the power demands seen in 
larger nations, the ability to test and refine the CCS approach is diminished, raising the 
importance of a well thought-out and operationally-refined CCS environment.  
5.2 Legal policy and regulation 
Potential roadblocks have been identified in the Resource Management Act 1992 and the 
Crown minerals act 1991 that need amendments made in order to allow for CCS operations 
(Barton, 2009). The government has commissioned a study to be undertaken to propose 
changes to be made and has signalled with significant funding that this will take place. The 
outcome of this study will be very important to the future of CCS in New Zealand and is due 
in June 2013.  
A regulatory framework is also needed for the operations of CCS covering:  
 Geo-sequestration specific legislation 
 Access and property rights 
 Long-term responsibilities 
 Environmental issues 
 Authorisation and compliance 
 Monitoring and verification 
 Transportation issues 
5.3 Commercial Environment  
The biggest issue with CCS is that examples are rare. Business needs examples, standards 
and stability. Given the necessary scale of CCS projects, the stakes for these attributes are 
even higher, added is the inability to grow the CCS business organically – it is constrained by 
climate issues on an ever-shortening timeline.  
Incentives are the next big issue at hand. In New Zealand we’ve had the emissions trading 
scheme for four years (2008). Since implementation, carbon prices have been extremely 
volatile and heavily affected by government-administered supply.  
This is essentially the problem driving the push for other incentive structures to support 
CCS, such as CO2 sale for enhanced oil recovery (EOR) or the mandating of CCS 
technologies. EOR is seldom appropriate for oil and gas conditions in New Zealand and there 
are major concerns around the mandating of new technologies. This report looks in more 
detail into the different incentives available for CCS in New Zealand. 
Another large unknown are the costs of CCS across its various applications. So far most of 
the CCS projects demonstrated have come from the Oil and Gas sector in natural gas 
processing. Issues arise around major differences between natural gas processing plants. As 
all reservoirs have varying attributes, and these plants are considerably different depending 
on the attributes of a reservoir on a case-by-case basis. Balanced against this, the case for 
thermal generation is more predictable; output pressures are known and plant can be more 
easily predicted to suit.   
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5.4 Situation investigated  
A model was produced for a large-scale coal-fired power plant to be built in New Zealand 
with carbon capture and storage. Three different pricing scenarios were modelled and the 
objective was to produce the following outcomes: 
 How the cost structure changes, or needs to change as the carbon price increases 
across the three scenarios. 
 To determine carbon price needed to produce a positive net present value under 
specific economic conditions. 
 To illustrate the cost breakdown structure of a large CCS project for thermal power 
production. 
The model found that a carbon price of $136.50/tonne CO2 abated was needed to break even 
for a project of this type in New Zealand (current price ~$2.50/tonne). Further details of this 
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6 Recommendations  
6.1 Carbon and fuel prices 
6.1.1 Priority  
 The price of carbon, or an equivalent incentive programme, is crucial for CCS 
development. Restrictions of carbon credit concessions must be made immediately in 
order for the price of New Zealand Units (NZUs) to rise to a level that will make 
merging of schemes with Australia and eventually Europe as seamless as possible. 
Failure to do this will leave New Zealand behind.     
 The predictability of the government’s stance on climate change needs to be 
improved. This can be achieved by greater communication from industry that issues 
such as 100%+ price fluctuations on carbon prices within a matter of months is 
unacceptable, leading to higher risk on carbon-intensive projects and marginal 
initiatives being side lined instead of managed as a result.  
 The large carbon price required for a coal-fired CCS example makes a project of this 
nature currently infeasible. At the time of writing the carbon price was approximately 
NZ$2.50 on spot market, and $25 value upon issue from the government. With the 2-
for-1 tonnes-for-credits window still open this is halved still. This situation effectively 
rules out carbon credits as a plausible price signal until significant policy change 
occurs.  
 In respect to the carbon budget deficit the government appears to have its hands tied. 
If the carbon price is increased to a level at which the scheme was designed for then 
the carbon deficit under the Kyoto accounting rules would grow with it. This partly 
explains why New Zealand has pulled out of the second commitment period. 
Aside from the deficit, in order for the carbon price to be increased the following 
policy changes shall be made: 
- Ending of the 2-for-1 tonnes of CO2 per credit phase-in period; 
- Significant limitation of free allocations to carbon intensive industries; 
- Significant limitation of international credit importation; and  
- Merging of schemes with Australia (after their progression to cap-and-trade in 
2015), and further to Europe (with Australia’s planned move ~2018) to provide 
greater liquidity - reducing volatility and carbon price projection inaccuracies.   
 
6.1.2 Secondary 
 CCS costs are expected to drop considerably by 2030, given the Ministry of Economic 
development’s carbon price projections used in their electricity demand and 
generation scenarios - this suggests there will be a point within the next 10-15 years 
that the cost of CCS will drop below what can be funded by the rising carbon price 
signal. Further analysis should be undertaken to predict where this cross-over occurs 
to ensure that the balance of the CCS support system is in place and operational.       
 One issue that should be investigated is how the feasibility of CCS with Combined 
Cycle Gas Turbines (CCGTs) changes with price falls in natural gas. Lowering the 
price of gas and raising the price on carbon emissions would have positive outcomes: 
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- Cleaner (than coal) fossil fuels available for thermal generation, leading to 
lower GHG emissions.  
- High incentive for CCS both at the processing and power generation 
stages. 
- CCS for gas-fired thermal generation is generally more cost effective than 
coal. 
Options for lowering the New Zealand price of natural gas: 
1. Raise supply: this may be done by increasing exploration and development 
activities , lowering and taxes; 
2. Regulate – government intervention; 
3. Lower resistance and raise access to hydraulic fracturing;  
4. Lower demand for gas; and 
5. Obtaining higher royalties from high-profit projects and providing “downside 
protection” for developers in low profit environments. 
 
6.2 Legal and Policy  
6.2.1 Priority  
 All stakeholders need to review New Zealand’s legal and regulatory position on CCS 
after the findings are released from the study currently being conducted from 
Professor Barry Barton at Waikato University.   
 CCS needs more representation on government and industry advisory committees. 
Many of the “green” initiatives in New Zealand have few or no members from the 
energy sector, or carbon-intensive industries. One of the key outcomes from public 
surveys of CCS opinion is that support generally rises with knowledge of the 
technology and its capability (CSIRO , 2012). There is a more than satisfactory level 
of knowledge within isolated organisations, but in a political sense these proponents 
are not heard.  
6.2.2 Secondary 
 The New Zealand government should explore the possibility of a moratorium on CO2 
release from natural gas processing as this is one of the most cost-accessible forms of 
CCS available, further, the process has been proven in Norway, Algeria, and 
Northwest Australia (Sleipner, In Salah, Gorgon respectively). This Moratorium can 
include a phase-in period varying increasing levels of capture over a staggered time 
period.  
 Financial responsibility for the operating through to post-closure stage of any storage 
facility needs to be established to ensure responsible stewardship of geological 
storage sites.  
6.3 Public  
 There is a need for increased public awareness and education about CO2 and CCS in 
New Zealand. Further a need for a well thought out and well-funded public outreach 
programme to ensure that the risks and benefits of CCS technology are effectively 
communicated to the public. 
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6.4 Financial  
 Financial backers must be confident that both economic and political conditions are 
such that CCS investment decisions will earn a satisfactory return in light of possible 
risks. Also that a predictable regulatory framework exists and is proven to work.  
 In New Zealand both public and private capital availability is low. This emphasizes 
the need for the focus of funding into a single project instead of the division of 
funding across a variety of initiatives.    
 Financiers are all waiting for demonstration. After CCS for thermal plants has been 
proven at scale more accurate estimates on equity and capital costs will be available. 
 CCS proponents need to focus on storage risks as this is the greatest unknown and 
area of highest potential risk.   
 While CCS remains in its demonstration infancy, any projects will need to be almost 
entirely funded by public sources. This funding will need to be sufficient to cover both 
the large capital expenditures but also the long-term inefficiency created by CCS.  
 
6.5 General CCS 
6.5.1 Priority  
 It is recommended that New Zealand should not actively pursue the implementation 
of CCS for thermal power generation until:  
- CCS is proven at scale on coal and or gas plants in numerous comparable 
international examples; 
- A considerable carbon price increase is realised; and/or   
- A new revenue stream is realised for the use of captured CO2 (ie: new oil/gas 
reservoir is discovered with suitability for enhanced oil recovery (EOR), or 
industrial uses);  
- CCS is proven at pilot or scale in New Zealand via other means, effectively 
testing and improving the CCS support structure including regulation and 
legal issues; public consultation and education; and political support;  
- Write off or allowance from government for non-captured carbon emissions 
liability resulting from the CCS process. 
 A pilot CCS programme in New Zealand would be a good starting point for CCS, some 
proponents have called for full-scale but for consideration of public and private 
financing and the effective testing of legal, regulative, public engagement, and risk 
mitigation practices a pilot scheme has the potential to save a significant amount of 
money and still progress the technical, commercial, and stakeholder acceptance of 
the process.   
6.5.2 Secondary 
 The New Zealand Carbon capture and storage partnership should form partnership 
with Solid Energy, L&M coal, and oil and gas companies undertaking exploration in 
the great southern basin (GSB), opportunities for synergies exist given the likelihood 
of sufficient proximity between lignite operations and gas processing that may occur 
in the future in Southland. A Southland regional CCS roadmap should be investigated 
and established. 
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 Current operations in south Taranaki concerning the Kapuni field expansion 
programme are confidential and unknown by the author, the NZ CCS partnership 
should strengthen ties with operator Vector, and Shell Todd oil services to ensure 
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8 Introduction and Background  
8.1 Purpose 
This project has been prepared for MA Reservoir Engineering Ltd by the University of 
Canterbury Masters of Engineering Management (MEM) programme. The purpose of this 
project is to investigate the current regulatory, technical and business case for carbon geo-
sequestration with particular reference to New Zealand and to determine the relevant critical 
points to make geo-sequestration commercially and technically viable to conduct.  
8.2 MARE Ltd 
MA Reservoir engineering Ltd (MARE) is a small Petroleum Engineering consultancy based 
in Taranaki. Currently all services are in the Oil and Gas sector, ranging through exploration, 
appraisal, production operations and providing expert advice and reviews to Crown agencies 
NZ Petroleum and Minerals & Ministry of Business Innovation and Employment (previously 
MED). 
MARE recognises that Carbon Capture and Storage (CCS) technology will ultimately be a 
large tool in climate change mitigation strategies. New Zealand is no exception and 
preliminary studies indicate that New Zealand may have numerous suitable storage sites in 
reasonable proximity to large CO2 emitters.  
From a petroleum engineering perspective the skills and expertise required for the storage 
and geo-sequestration in CCS are very similar to those already in use by the petroleum 
industry. MARE is well placed to become the locally based consultancy specialising in 
reservoir modelling for carbon sequestration.  
To date the following actions have been taken: 
- Commission MEM student to examine the business case for CCS in New Zealand. 
This work is to cover policy and legislation; commercial; and technology  
- Align business relationships with GNS NZ (Geological and Nuclear Sciences) the 
main organisation advocating CCS in New Zealand.  
8.3  Literature Review Summary 
A review of relevant literature has been conducted and can be viewed in appendix A. The 
review covers the most relevant publications and stakeholders in carbon capture and storage 
with particular attention on New Zealand.  
8.4 Carbon Capture and Storage  
Fossil fuels such as oil, gas and coal account for approximately 80% of the world’s primary 
energy production (IEA, 2011). Significant investments and advancements in energy 
efficiency and renewable energy developments have been made in New Zealand and other 
countries alike, but despite this the International Energy Agency has forecast that as the 
economies of the world continue to grow, so too will the dominant consumption of fossil 
fuels.  
This presents one of the greatest challenges in the world today; how to manage the global 
reliance on fossil fuels together with the dramatic reduction of greenhouse gas emissions.  
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One of the most promising technologies for reducing GHG emissions from fossil fuel use is 
carbon capture and storage (CCS). 
The scientific community has for a long time considered the separation of CO2 from major 
point sources and then compressing and injecting it in appropriate deep geological 
formations for long term storage. This process effectively removes the carbon, and its 
negative atmospheric effect from the carbon cycle.   
CCS has been widely acknowledged as a practical solution for reducing CO2 emissions from 
fossil fuel combustion, if successfully implemented, CCS could permit the continued use of 
fossil fuels for many decades, whilst meeting greenhouse gas emission targets. 
A global impetus has grown in recent years amongst policy makers, industry and consumers 
alike to develop carbon geo-sequestration or CCS into a solution that is not only a technically 
but also commercially viable method of carbon abatement.  
The IEA CCS roadmap outlines the role that needs to be played by CCS in achieving 
atmospheric CO2 stabilisation to 450ppm. The roadmap prescribes that CCS shall provide 
approximately 20% of total equivalent greenhouse gas emissions reductions by 2050 
(International Energy Agencey , 2011). To achieve this, an ever-increasing and ambitious 
growth plan will need to be met with approximately 100 projects by 2020 increasing to over 
3000 by 2050. (Global CCS institute 2012). 
Yet CCS is not yet a mature technology. The necessary value drivers behind large scale CCS 
development are not yet sufficient for overcoming the current hurdles on the IEA CCS 
roadmap. These barriers are comprised of regulatory, financial, technical, organisational and 
policy issues.  
This raises the question: What are possible instruments at a governmental level that would 
enable and stimulate CCS deployment? Which measures and/or other government actions 
are needed in which part of the CCS chain, to reinforce current drivers and to remove the 
barriers towards large scale CCS?  
8.5 CCS: How it works 
Carbon Capture and Storage is defined as the process of trapping carbon dioxide produced 
by burning fossil fuels or other chemical or biological processes and storing it in such a way 
that it is unable to affect the atmosphere (Oxford English Dictionary ). This process involves 
three steps: capture, transport, and storage.  
8.5.1 Capture 
Anthropogenic CO2 can come from a variety of stationary point sources, those explored 
below are the big three: fossil-fuelled power generation, natural gas processing, and 
industrial processing. The capture phase usually includes the separation of CO2 from other 
gases and its compression into a super-critical liquid state. 
There are a variety of techniques available for the separation of CO2 from flue gasses, 
including pre-combustion, post combustion, oxy-fuels, and the use of membranes.  
8.5.1.1 Fossil Fuels 
CO2 is emitted as an exhaust gas from the combustion of fossil fuels for power generation.  
New Zealand has a limited number of plants such as this. The main fossil-fuel power 
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generation in New Zealand comes from Huntley power station which runs four large coal-
fired turbines. The rest are mainly made up by smaller gas-peaker plants, which operate in 
much the same way.  
Table 3 New Zealand Energy sector Fossil fuel emissions (Data sourced: MED table source: author) 
 
Table 4 New Zealand fossil-fueled power stations > 100MW 
Name Location Type Output 
Glenbrook Glenbrook, Auckland Coal / Gas Turbine 112 MW 
Huntly 1-4 Huntley, Waikato Coal / Gas Turbine 1000 MW 
Huntly 5  Huntley, Waikato Gas combined-cycle 400 MW 
Otahuhu B Otahuhu, Auckland Gas combined-cycle 380 MW 
Southdown Southdown, Auckland Gas combined-cycle 170 MW 
Stratford Stratford Taranaki Gas combined-cycle 585 MW 
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8.5.1.2 Natural Gas Processing 
Another strong candidate for large stationary point sources is the processing of natural gas; 
this includes reducing the natural gas CO2 content to meet the defined domestic pipeline 
specification, and also the separation of LPG for domestic use and for export to other 
markets. New Zealand has three such facilities, located in Taranaki at Oanui (Maui), Kupe 
and Kapuni. Of the three plants, the Vector gas processing plant adjacent to the Kapuni gas 
field is the major emitter of CO2 at 0.75Mt CO2 per annum.    
8.5.1.3 Industry 
Large industrial point sources in New Zealand include cement, steel, and aluminium and 
coal to liquids processing plants (CTL).  
Table 5 Large industrial CO2 point sources (data source: GNS, table source: author) 
Name Location Output 
Glenbrook Steel Mill  Glenbrook, 
Auckland 
1.7 Mt/pa 
Marsden Point oil refinery  Marsden Point 1.0 Mt/pa 
Rio Tinto Aluminium Smelter  Southland 0.5 Mt/pa 
Holcim Cement works  Westport 0.5Mt/pa 
Golden Bay Cement works Golden Bay 0.5Mt/pa 
Holcim Cement works (under construction)  Oamaru    
 
8.5.1.4 Compression 
Once the CO2 is isolated from other gasses and emissions it must be compressed for efficient 
transport and storage. This compression sees a volume reduction of over 350 times 
(CO2CRC, 2012). Usually geo-sequestration is only feasible below depths of 800m to ensure 
that the pressure is sufficient to maintain the CO2 in the space-efficient super critical liquid 
state.   
8.5.2 Transport  
This is usually done via high-pressure pipelines. Research and development is also being 
undertaken into the use of shipping (Hazeldine, 2012). In some cases cooled and pressurised 
trucks are also used.  The materials used are critical in ensuring the integrity of any means of 
transportation. CO2 is extremely corrosive when any water is present at the pressures used 
in transport systems.  
8.5.3 Storage 
This report investigates the underground storage of CO2 in deep geological reservoirs. These 
can take many forms including: depleted oil and gas reservoirs, saline aquifer (i.e. non-
drinkable water) formations and in coal seams. Storage can also take other forms, 
developments are being made in the mineralisation of CO2, deep-sea sequestration, and 
large industrial uses like the production of concrete (Calera, 2009).  
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9 Policy Legal and Regulation  
Objectives: 
1. Identify legal and regulatory issues with the ability to slow or disallow the 
implementation of CCS in New Zealand. 
2. Identify the current political views and determine support for CCS in 
New Zealand.  
3. Determine the current status of the emissions trading scheme and it’s 
appropriateness as an incentive structure for CCS. 
 
NB: A detailed report of the findings expressed here can be found in Appendix B 
9.1 Legal 
9.1.1 Issues: 
Currently New Zealand law does not allow for CCS operations. This is mainly due to how the 
injection of liquid CO2 into underground formations is interpreted under the Crown 
Minerals Act 1991 and the Resource Management Act 1992. It would be a high risk strategy 
for New Zealand to move forward with CCS without first outlining a well-structured 
regulatory framework providing clarity on whom the long term liability rests after the 
(possibly mandatory) monitoring period (Barton, 2009). 
9.1.2 Current solutions: 
In November 2012 the Ministry of Business Innovation and Employment commissioned 
Professor Barry Barton to undertake a study in order to provide recommendations on the 
legal and regulatory framework for CCS in New Zealand. The recommendations are due June 
2013, and it is unclear as yet which form they will take; a new proposed bill or bills, or 
updates and amendments to the CMA 1991 and RMA 1992. The findings of this report will be 
very important for CCS in New Zealand.  
9.2 Regulation 
9.2.1 Issues: 
A sound regulatory framework is yet to be outlined and administered in New Zealand.  
The International Energy Agency has developed a model regulatory framework as a guideline 
for adoption by CCS-developing nations to assist in the rapid deployment of CCS 
(International Energy Agency). The framework works in line with the recent findings in the 
IEA CCS Roadmap.  
The Framework has been developed with the assistance of Carbon Counts, Reed Smith LLP 
and UCL CCLP with the intention to serve as a tool to assist governments in their 
development of regulatory frameworks. The framework draws from CCS developments in the 
EU, Australia, and the USA amongst others, in an effort to leverage work being done.  
Australia has one of the worlds most developed regulatory frameworks for CCS. The 
Australian federal government has already set in place primary and secondary legislation to 
govern onshore and offshore CCS activities.  
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The development of a regulatory framework for CCS in New Zealand shall clearly outline 
issues of liability and standards covering the following:  
 Geo-sequestration specific legislation 
 Access and property rights 
 Long-term responsibilities 
 Environmental issues 
 Authorisation and compliance 
 Monitoring and verification 
 Transportation issues 
Further Detail can be found on the recommended outlines of these issues in Appendix B 
9.3 Political Framework 
9.3.1 Political Views and Support: 
Political support for CCS will be a pivotal issue for its implementation in the future. As has 
been shown in currently demonstrating nations, strong support must exist for CCS to enable 
the required legislative and regulatory changes, and also the necessary financial mechanisms 
for carbon geo-sequestration.     
Politically CCS has varying levels of support within the New Zealand government. Many of 
the examples seen have arisen as reactions to the proposed lignite projects in southland.  
Under the current government we have seen increased spending by the Ministry of Science 
and Innovation for the research of required changes to the Legal system and also some 
limited R&D on other CCS related projects.  
One of New Zealand’s largest state-owned companies Solid Energy is a proponent of CCS and 
is an active shareholder in the CO2CRC Otway project along with the Ministry of Science and 
Innovation, and the crown research institute department of geological and nuclear sciences 
(GNS).  
The New Zealand Energy Strategy 2011 states that:  
 The cost of greenhouse gas emissions will be increasingly factored into world 
markets; 
 The price of oil will rise and become more volatile;  
 Non-renewable energy sources will continue to be an important part of the global 
energy mix for the foreseeable future; and  
 Given New Zealand’s fossil fuel endowment, the Government will continue to 
participate in international carbon capture and storage research initiatives. 
 Further Details on political support for CCS in New Zealand can be found in Appendix B  
9.3.2 Emissions Trading Scheme  
9.3.2.1 Current status of and appropriateness for CCS:  
Since implementation the ETS has had the following issues with the ability to impact on CCS 
implementation: 
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 Large price fluctuations; 
 Over supply of free allocations; 
 Under-pricing of carbon credits undermining the ability of the ETS to provide an 
effective price signal for carbon abatement; 
 Indefinite widening of the 2-for-1 (tonnes for credits) window effectively halving 
credit value; 
 No limitation of importation of European carbon offsets – further increasing supply; 
 Large national contingent liability on forests due for harvest in 2020s; 
 Current carbon budget deficit;    
 Growing misalignment with Australian and European schemes - diminishing 
possibility of merging into higher liquidity markets.  
9.3.2.2 Current Solutions:   
 The Australia - New Zealand Carbon Pricing Officials Group was established in 2011 
to investigate how the New Zealand scheme could be linked with Australia. Linkage 
of the schemes would require many of the current issues above to be resolved.  No 
findings have been publically released by the group to date.  
9.3.2.3 Recommendations: 
In respect to the carbon budget deficit the government appears to have its hands tied. If the 
carbon price is increased to a level at which the scheme was designed for then the carbon 
deficit under the Kyoto accounting rules would grow with it. This partly explains why New 
Zealand has pulled out of the second commitment period. 
Aside from the deficit, in order for the carbon price to be increased the following policy 
changes shall be made: 
 Ending of the 2-for-1 (tonnes of CO2 per credit) phase-in period; 
 Significant limitation of free allocations to carbon intensive industries; 
 Significant limitation of international credit importation; 
 Merging of schemes with Australia (after their progression to cap-and-trade in 2015), 
and further to Europe (with Australia’s planned move ~2018). This will provide 
greater liquidity - reducing volatility and carbon price projection inaccuracies.   
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10 Commercial Environment 
10.1 Avenues for CCS Technology  
Objectives:  
1. Identify New Zealand industries with CCS potential.  
2. Estimate appropriateness of CCS implementation in terms of costs and 
benefit to both the commercial enterprise and the economy.  
10.1.1 Thermal Power Generation 
CCS for thermal power generation is still yet to be demonstrated at scale. This application is 
determined by the international CCS community to be the most critical for the successful 
implementation of the IEA CCS roadmap.  
CCS for thermal power generation can take many forms in terms of size, fuel use, and 
capture options.  
Fuel type: 
 Coal and lignite 
 Natural gas and other petroleum fuels  
 Biomass  
 Nuclear  
Capture Options 
 Oxy-fuel combustion  
 Pre-combustion 
 Post-combustion 
 Membranes  
Scale 
 Typically 100MW – 3000MW  
10.1.1.1 Current Issues pertaining to the New Zealand use of thermal power generation: 
 Large amounts of renewable energy available in the form of hydro, wind and 
geothermal  
 Unknown future of Manapouri power due to possible changes at Tiwai point  
 New Zealand’s largest thermal plant at Huntley nearing end of life  
 Political will for moratorium on coal-fired power plants  
 Approximately 690MW of new renewable power projects consented at lower long run 
marginal cost than thermals (under current economic conditions and fuel price 
projections (see Figure 3)  (MED, 2011)  
 Strong political and public opposition to lignite mining and use 
 Low demand increase projections (MED, 2011) 
 New Zealand approaching theoretical threshold/maximum for use of renewables  
 Very large minable lignite resources in southland  
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10.1.1.2 Current Issues pertaining to the use of CCS in thermal power generation in New 
Zealand 
 Increase in cost of thermal generation is proportional to carbon price increase until 
CCS breakeven point (approximately over $100 per ton), leaves large gap see Figure 2 
in appendix C; 
 Political and public opposition to CCS enabling continued use of fossil fuels; 
 Extremely high capital costs, and long run marginal costs (MED, 2011); 
 Unproven at scale;  
 Inflated cost projections due to first-of-a-kind project;  
 Large amounts of international research and development into technologies with the 
potential to reduce CCS costs on thermal generation; 
 Best estimates of CO2 capture ability (with optimal efficiency) are around 90% of 
CO2 captured resulting in the project paying emissions costs on 10% emitted (S.C. 
Page, 2009) this becomes a large cost component as carbon prices rise to enable the 
use of CCS. 
10.1.1.3 Recommendations: 
New Zealand shall not actively pursue the implementation of CCS for thermal power 
generation until:  
 CCS is proven at scale on coal and or gas plants in numerous comparable 
international examples; 
 A considerable carbon price increase is realised;  
 A new revenue stream is realised for the use of captured CO2 (ie: new oil/gas 
reservoir is discovered with suitability for enhanced oil recovery, or industrial uses);  
 CCS is proven at pilot or scale in New Zealand via other means, effectively testing and 
improving the CCS support structure including regulation and legal issues, public 
consultation and education, and political support;  
 Write off or allowance from government for non-captured carbon emissions (~10%) 
liability resulting from the CCS process; 
 An investigation is undertaken on how the feasibility of CCS with Combined Cycle 
Gas Turbines (CCGTs) changes with price falls in natural gas.  
Lowering the price of gas and raising the price on carbon emissions would have two 
positive outcomes: 
- Cleaner (than coal) fossil fuels available for thermal generation, leading to 
lower greenhouse gas (GHG) emissions.  
- High incentive for CCS both at the processing stage and the power 
generation stage. 
Options for lowering the price of natural gas include: 
- Raise supply: this may be done by increasing exploration and 
development activities 
- Lower royalties payable on natural gas  
- price regulation 
- Lower resistance and raise access to hydraulic fracturing  
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- Lower demand for gas 
- Obtaining higher royalties from high-profit projects and providing 
“downside protection” for developers in low profit environments 
10.1.2 Coal and lignite processing  
The options for coal or lignite processing include: 
- Briquetting – a process of palletisation that removes moisture and allows the 
resource to burn hotter and cleaner.  
- Lignite-to-urea  
- Lignite to diesel 
10.1.2.1 Current Status 
Briquetting is already under way in an operating factory run by Solid Energy in Southland. 
But in many ways this briquetting plant is just a ground breaker. Plans have been made for a 
phase two briquetting plants that will be ten times larger (Parlamentary Commissioner for 
the Environment, 2010). 
The following are large proposed developments: 
- A $1.4 billion lignite-to-urea conversion factory which could produce enough 
fertiliser for New Zealand to become a $2b/year export (1.2 million tonnes of urea).  
- Two possible lignite ($10 - $15 billion  to diesel conversion plants proposed, the first 
being a plant with the potential to produce up to 35,000 barrels per day (two-thirds 
of New Zealand’s current use) the second being a plant with the potential to produce 
50,000 barrels per day leaving New Zealand diesel self-sufficient (Parlamentary 
Commissioner for the Environment, 2010).   
10.1.2.2 Current issues for the use of lignite for processing: 
 Resource consent issues  
 Public and political opposition to the mining and use of lignite 
 Uncertainty in commodity markets 
 Possible changes at Tiwai point aluminium smelter  
 Large economic benefit – e.g. potential to supply New Zealand’s entire industrial 
diesel needs. 
10.1.2.3 Issues for the use of CCS for lignite processing 
 Unproven internationally  
 Very large capital costs 
 Opposition to CCS enabling the use of carbon intensive lignite fuels 
 Large amount of high-risk capital required to identify appropriate reservoirs with 
proximity to proposed processing plants. 
 Potential proximity to large great southern basin (GSB) petroleum resources. 
Potential for pipeline clustering and sharing of sequestration costs in conjunction 
with natural gas processing hub or liquid natural gas plant.  
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10.1.3 Natural gas processing 
There are two main forms of Natural Gas processing appropriate for CCS. The first is the 
CO2 removal process from natural gas to meet sales specifications. Not all natural gas 
sources in New Zealand require this processing as CO2 levels vary considerably.  
The second form of gas processing for CCS is the production of liquid natural gas (LNG) New 
Zealand does not currently produce LNG or have known gas reserves large enough to justify 
the building of such a plant, though a discovery of the necessary size is possible (Adams, 
2009). LNG plants are built solely for the export of gas to international buyers.  
10.1.3.1 Current status 
The development of a 160 Pj/pa LNG plant capable of export to international markets is 
estimated to cost NZ$2.75 to $3.3 Billion dollars. (MARE adjusted). LNG exports become 
commercially viable upon a gas discovery of approximately >5 trillion cubic feet. GNS 
science expects that there are potentially fields of this size in the great southern basin (GSB) 
and also deep water Taranaki.  
Smaller (yet still large) discoveries are still probable in all of New Zealand’s petroleum basins 
some of which would require CO2 removal in order for the gas to meet pipeline specifications 
(~<4% CO2 content). This market is constrained however by domestic demand. The only 
opportunity for natural-gas product exports from New Zealand are LNG (threshold above) 
and as Methanol (from the current Motanui methanol plant) produced by Methanex. 
Otherwise all natural gas must be sold into the New Zealand market.  
Currently New Zealand has gas processing plants in south Taranaki and Kupe and Kapuni. A 
life extension programme is due for the Kapuni Gas field. This will involve the drilling of new 
wells, and the working over of existing wells as well as hydraulic stimulation for enhanced 
flow rates and recovery. This may present an opportunity for CCS, as the Kapuni gas 
treatment facility currently separates CO2 from its gas flows i.e. the expensive capture stage 
of CCS is already installed. 
10.1.3.2 Current Issues for natural gas processing in New Zealand  
 Large (enough for LNG) reservoir discovery unlikely but possible, exploration needed 
 Gas transmission infrastructure only installed in North Island  
 High gas prices (by international comparison)  
 Rise in the use of hydraulic fracturing/stimulation bringing more gas to market 
 The only opportunity for natural-gas product exports from New Zealand are LNG 
(threshold above) and as Methanol (from the current Motanui methanol plant) 
produced by Methanex. Otherwise all natural gas must be sold into the New Zealand 
market.  
 There are already a number of gas discoveries, large and accessible enough to be 
exploited but their introduction to the domestic market would over-deflate gas prices.  
 
10.1.3.3 Issues for the use of CCS for natural gas processing  
 Comparatively low cost  
 Existence of international examples  
 Capture plant already installed in New Zealand 
  28 
 Processing plants are usually in appropriate proximity to depleted oil and gas 
reservoirs  
10.1.3.4 Recommendations: 
 The New Zealand Carbon capture and storage partnership should form partnership 
with Solid Energy, L&M mining and oil and gas companies undertaking exploration 
in the great southern basin (GSB), opportunities for synergy exist given the likelihood 
of sufficient proximity between lignite operations and gas processing that may occur 
in the future in Southland. A Southland regional CCS roadmap should be investigated 
and established. 
 Current operations in south Taranaki concerning the Kapuni field expansion 
programme are confidential, the NZ CCS partnership and consortium should 
strengthen ties with operator Vector, and Shell Todd oil services to ensure that CCS 
options are being explored.    
 The New Zealand government should explore the possibility of a moratorium on CO2 
release from natural gas processing – as this is one of the most cost-accessible forms 
of CCS available, further, the process has been proven in Norway, Algeria, and 
Northwest Australia (Sleipner, In Salah, Gorgon). This Moratorium can include a 
phase-in period with increasing levels of capture stipulated over a stagnated time 
period.  
10.2 Risk Assessment  
Objectives:  
1. Identify key risks to CCS implementation in New Zealand.  
2. Outline mitigation strategies and recommendations.  
Comprehensive risk assessment is an important part of any large scale infrastructure project, 
though when it comes to CCS the risk management community is still determining the most 
appropriate way to deal with risks. 
Many of the risk assessment methods for CO2 sequestration developed to date focus on the 
proposed storage reservoir. Little has been written on the potential risks of CCS from a 
holistic project perspective including a wide range of economic, social, political and technical 
issues. International experiences of CCS projects suggest that successful public engagement 
and education are crucial to success. 
Broadly speaking, risk assessments for CCS fall into the following three major categories  
These risk categories are described as follows:  
1. Location risks  
- Geo-political  – (local or national)  
- Regulatory  
- Local conditions – this addresses location related risks such as logistics, 
terrain, labour supply etc.  
2. Economic & market risks  
- Project cost - how market conditions impact the capital costs. 
- Product price - how variations in the price of product impact project 
economics.  
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3. Technical risks  
- Technology – new or significantly improved technology 
- Completeness – how well the project scope and design has considered 
everything that could be required   
- Definition – how well the expected needs have been defined.  
4. Organisational risks: Governance & Competencies  
- Owner’s organisation – the owner organisation’s ability to execute all aspects 
of the project.    
- Owner team – the specific project team’s (operator and partner) ability to 
execute all aspects of the project.  
- Contractor – the ability of various contractors, selected to execute the 
engineering, procurement, installation, and commissioning. 
10.2.1 Recommendations: 
The Crown Research Institute department of geological and nuclear sciences (GNS), suggests 
that the following risk reduction initiatives are undertaken 
Risk Mitigation Project Work to date Priority  
 Interact with stakeholders to ensure 
that the proposed risk assessment 
method provides the required 
outputs. 
 Limited work taking place 2 
 Survey public attitudes towards 
carbon capture and storage projects. 
 Focus groups developed and 
GNS science report 2012/27 
was published - more work 
needed 
1 
 Public education and interaction.  1 
 Preliminary economic modelling of 
carbon capture and storage systems. 
 Limited modelling from 
government (MED)  
1 
 Introduction of clear and usable 
carbon capture and storage 
legislation. 
 Recommendations expected - 
June 2013 (Waikato 
University) Barry Barton 
1 
 Compilation of capacity, injectivity 
and containment data for individual 
sites. 
 GNS regional reports 
completed 2009 
2 
 Fully develop and test (via 
simulations and site investigations) 
operational risk assessment 
methodology. 
 On-going (GNS) 3 
 Develop elicitation procedures for 
risk assessment and improve the 
understanding of model uncertainty 
in risk analysis. 
 3 
 Integrate fluid flow and risk 
modelling. 
 3 
 Examine the role of large magnitude 
earthquakes in CO2 migration. 
 June 2012 - comprehensive 
report released from Stanford 
University researchers Zoback 
and Gorelick 
2 
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 Determine the impact of newly-
activated or re-activated faults and 
fractures in CO2 leakage through 
seals. 
 2 
 Determine the impact of abandoned 
wells in CO2 leakage through seals. 
 3 
 
Event Cause Mitigation 
Lack of public 
Support  
 Insufficient consultation and 
education. 
 Miss information. 
 Lack of trust of government 
and CCS operating 
companies.  
 Cultural sensitivities to 
sequestration.  
 Low tolerance of risk.  
 
 Educate about CCS process 
and risks. 
 Consultation. 
 Transparent government 
decision making process.  
 Robust risk assessment, 




 Price of carbon too low. 
 Cost of capture, transport 
and storage too high. 
 Cost of storage higher than 
alternative mitigation 
measure. 
 Increase price of carbon via 
restriction of allowances.  
 R&D into decreasing cost 
of CCS. 
 Incentivise sequestration. 
 Government funding. 
Lack of operational 
framework 
 CCS legislation incomplete. 
 Long term Liability 
unresolved.  
 Uncertainty of economic 
model for CCS. 
 Insurance/ reinsurance not 
available.   
 Government regulates CCS 
and accepts long term 
liability.  
 Robust risk modelling in 
accordance with ISO 
31000.  
Adapted from GNS Risk Assessment 2009 
 
10.3 Barriers to CCS 
There are many factors often cited as potential barriers to the broad adoption of CCS 
technology. The most important of which are political and financial.  
It is widely accepted that market carbon prices in the period to 2020 will be too low to 
support CCS. This is the main reason that the private sector cannot proceed with CCS 
initiatives without the help of government.  
Barriers to CCS technology can be broadly split into four categories:  
1) Integration 
2) Scale  
3) Cost  
4) Demonstration 
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CCS will require the integration of at least four industries: power generation, oil and gas 
processing, or Industry for the point source plus chemical processing in the separation and 
compression of CO2 from flue gasses and finally transport networks through to storage.  
Each of these have expected risk and return levels refined over decades of examples. In turn 
these levels define the type of capital provider appropriate to the projects. 
 
10.3.2 Scale 
Most carbon abatement technologies are relatively modular when compared to CCS. Take 
wind for example, a new technology is developed, it is proven, and then scaled up on a 
modular basis to meet the required need. On the other hand CCS is a comparatively large 
and one-off capital cost; a high cost of demonstrating at scale.    
10.3.3 Costs 
Due to the energy needed for capture and compression the entire supply chain uses more 
energy. This relates directly to more fuel and higher operational expenditure.  
10.3.4 Demonstration  
Finally there is a significant first mover disadvantage, while we have seen some (gas 
processing) demonstrations on a global scale, to capital providers it is still too early to say 
how much a project like this will cost and what the extent of the risks involved.  
10.3.5 Competition  
The graph below illustrates how different fuels for power generation respond to rising carbon 
prices. The long run marginal cost (LRMC) shows (y-axis) the price at which electricity can 
Chem Process 
Power Generation 





Geo-Storage Transport Networks 
  
Figure 1 Integration of CCS commercial stakeholders (source: author)  
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be produced by each technology type in order to break even. This is graphed below against a 
rising carbon cost. NB: the net present value results of the coal-fired CCS plant of $136.50 
are off the scale here. 
This graph has been generated from the MEDs LRMC model. As we can see coal and lignite 
are most sensitive to carbon pricing followed by combined cycle gas turbines and then coal-
fuelled CCS projects.  
What we can also see is that there is a large gap from where coal and lignite power 
generation breaks away from the renewables at $40-$50 per tonne before it surpasses coal 
with CCS. This tells us that the marginal increase in the price of carbon above $40 will not 
change the technology ranking until well over $100/tonne – a prospect that will potentially 
be hard to sell to industry.   
 
 
Figure 2 Average LRMC as a function of the carbon price (source MED) 
The following table outlines the consented renewable energy projects. Adapted from the 
Ministry of Economic Development’s LRMC model.  
Wind Status Type Output[MW] 
Mt Cass Consented Wind 18 
Kaiwera Down Consented Wind 16 
Mahinerangi Stage 2 Consented Wind 240 
Long Gully Consented Wind 164 
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Total   438 
    
Hawea Control Gate Retro-fit Consented Hydro 54 
Clarence Conway Consented Hydro 80 
Waiau 21  Consented Hydro 70 
Total   204 
    
Kaipara Harbour Stage 5 Consented Tide 48 
Total   48 
    
Combined Total    690 
Figure 3 New Zealand consented renewables (Data sourced from MED LRMC model) (table source: Author) 
10.3.5.1 Competition key points 
The tables above outline the range of power generation options available for New Zealand, 
most of which are less carbon-intensive than thermal CCS applications like coal and gas fired 
power plants. 
Key summary: 
 Geothermal, hydro, wind, coal-fired, lignite-fired, gas-fired plants are all more cost 
effective per megawatt hour than CCS technologies with a carbon price below $115 - 
$120/tonne of CO2. This price is lower than what was determined in the NPV 
analysis of this project ($136.50) for large coal fired plant.  
 A large gap exists between technologies as the price on carbon increases from 
$50/tonne through to ~$115 / tonne. This gap is effectively a no-man’s land of carbon 
pricing where incremental changes will yield no effect on the LRMC cost curve.  
 690MW of renewable power sources have been consented for at the time of writing. 
This exists over and above any uncertainty surrounding Manapouri power reaching 




1. Outline marginal capital costs for large CCS plant installation in New 
Zealand.  
2. Compare capture and abatement costs of carbon across possible point 
sources.  
3. Compare both academic and industry estimates on capture costs. 
4. Model how different cost scenarios affect the net present value of a 
large CCS installation in New Zealand.  
5. Conduct sensitivity analysis of cost variables on the long run marginal 
cost of electricity produced by hypothetical coal-fired power plant 
with CCS in the New Zealand power system.  
6. Use net present value model to determine carbon price required to 
achieve 10% internal rate of return on large coal-fired CCS project. 
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All forms of CCS - be they retrofits, new thermal generation, gas processing, industrial and 
coal to liquids would require substantial investment. This investment would necessarily need 
to be supplemented by government subsidies, and a price on carbon that is far higher than is 
the case today. 
 
10.4.1 Different costs of Capture In industry  
The table below shows the costs of carbon abatement by CCS as estimated by the global CCS 
institute.   
Source Type Avoided cost/ ton 
CO2 [NZ$] 
LNG 11.00 
Fertiliser production 12.00 – 24.00 
Natural gas processing 
(onshore) 
19.00 – 23.00 
Coal (or lignite) to liquids  Less than 30.00 
Cement 65.00 – 96.00 
Steel More than 65.00 
Figure 4 Global CCS institute (adjusted) 
10.4.2 Commercial estimates for coal-fired abatement costs   
The flowing table shows commercial estimates of carbon abatement costs with CCS for full 
scale coal-fired plants.  
Estimate Source Today 2030 
Boston Consulting Group (2008) $84  $54  
McKinsey (2008) $96 - $138 $48 - $72 
S&P (2007)  - $48 - $96 
BERR (2006)  - $48  
Shell (2008) $156  $78  
Chevron (2007)  greater than $120 - 
Vattenfall (2007)  $54  $30 - $54 
McKinsey (2010)   $66  
Global CCS institute (2012)  
Schlumberger (2012) 
$28 - $110 
$65 - $110 
- 
- 
Figure 5 Commercial estimates of abatement costs (adjusted NZD) 
10.4.3 Sensitivity Analysis: Coal-fired power plant Long Run Marginal Cost Model (LRMC) 
The Ministry of Economic Development produces and maintains a long run marginal cost 
model for the examination of the most attractive power generation options available In New 
Zealand. The model has the facility to include sensitivity cases for a number of the 
assumptions. Low, medium and high valued inputs below were simulated to find their 
impact on the LRMC of thermal CCS project in New Zealand for each of the following inputs:   
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- Gas price 
- Coal price 
- Lignite price 
- Carbon price 
- Increases in construction costs (Capex) 
The low, medium and high sensitivity cases can be combined into a scenario to examine the 
impact on the comparative long run marginal costs (LRMC) of each technology option.   
The technology explored was an Integrated Gasification Combined Cycle (IGCC) plant.  
10.4.3.1 Reference scenario  
First, the cost assumptions for the plant type were checked against international examples 
and best estimates and were found to be accurate.  
The assumptions (non-variable inputs) for the plants were as follows: 
Technology IGCC 
Fuel Coal 
Max output 570 MW 
Contribution factor 87% 
Heat rate 11560GJ/MWh 
Variable O&M $22/MW 
Fixed O&M $117/KW 
Capex $3377 Mil 
Connection costs $15mil 
Figure 6 Sensitivity analysis assumptions (source: author) 
Below is the reference scenario to which the sensitivities were compared.  
Reference Scenario  
Fuel & Carbon Cost Assumptions Value 
Gas ($/GJ excl CO2) 9.50 
Coal ($/GJ excl CO2) 5.50 
Lignite ($/GJ excl CO2) 2.50 
Diesel ($/GJ excl CO2) 40.00 
Carbon ($/tonne CO2) 12.50 
Capital cost assumptions Value 
% Increase in costs  0% 
USD:NZD rate 0.83 
EUR:NZD rate 0.63 
YEN:NZD rate 71.80 
Discount rate 8% 
Figure 7 Reference scenario (source: author) 
For each variable, i.e. gas up, carbon down etc. The value was changed by 100% increase or a 
50% decrease. The reason for such large changes was to ensure that the effects could be 
easily observed.   
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10.4.3.2 Sensitivities applied 
The table below was populated depending on how the variable changed the order of merit of 
technology type in the LRMC model. This was quantified by the number of places each CCS 
type moved (in order of preference compared to other technologies) by when compared to 














Gas up Good           
Gas down Poor           
Coal price up Poor Good Poor       
Coal price down Good Very Good Poor       
Carbon price up Good Good Poor Poor Good    
Carbon price down Poor Good Poor Poor Good    
Construction costs 
up 
Good Very Good Good Poor Good Good Poor 





10.4.3.3 Sensitivity Analysis Conclusion: 
 Construction prices are particularly sensitive for CCS builds since the construction 
cost of the majority of New Zealand’s renewables (e.g. hydro) is very high. A rise in 
construction costs is generally a CCS-encouraging variable.  
 Carbon price movements are as expected; “poor” results against “gas down” and “coal 
up” are due to the relatively small carbon intensity of natural gas fuels when 
compared to coal. 
 With New Zealand gas prices at their current levels, usually only peaker plants are 
viable hence the “very good” priority movement under “coal down” and “gas up”  
 Elsewhere in this report, recommendations are made on how the price of gas can be 
brought down – this is to enable gas-fired CCS projects, not to be confused with the 
coal-fired scenario investigated here. These recommendations are intended to be 
tools for CCS proponents and should necessarily all be implemented together. 
Further analysis would be required before implementation.  
 
10.4.4 Academic cost estimates 
The table below shows some of the various costs as estimated by various academic sources. 
The table also shows the standard deviation for each row. As we can see the variance in these 
estimates is large, investment costs for example (or Capex) has a standard deviation equating 
to ~NZ$750 Million or 50% above the average estimate. This represents a high risk even with 
public backing.    











































Rubin et al (2007) 493 32.2 75 12.72 2.59 0.11 0.96 3.86 6.25 
Schumacher and Sands (2006) 
Enquete  
500 48 80 37.04 3.60 0.08 0.60 0.00 19.70 
David and Herzog (2006)  500 43 80 15.20 2.59 0.08 0.68 0.00 19.70 
Schumacher and Sands (2006) 
IEA 
500 38 80 28.49 3.72 0.09 0.69 0.00 19.70 
Sekar et al (2007) 500 33.9 80 17.68 2.48 0.10 0.77 0.00 6.19 
Chen & Rubin (2009) 495 32.9 75 12.72 0.00 0.10 0.82 0.00 11.87 
Amelio et al (2007) 366 39.3 85 8.71 0.00 0.08 0.86 0.00 12.50 
Mondelo et al (2009) 329 31.4 85 27.16 0.00 0.18 1.25 0.00 19.70 
Metz et al (2005)  500 35 80 12.72 0.00 0.12 0.75 6.25 15.39 
Average   37.1 80.0 19.2 2.99 0.11 0.82 1.12 14.6 
Standard deviation   5.25 3.33 8.96 1.54 0.030 0.18 2.18 5.34 
Inflation 2.4%                 
Figure 10 Coal fired IGCC cost estimates, adjusted (2013) (sources Table: author, inputs as stated) 
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10.4.5 Net Present Value Analysis (Coal fired IGCC 2013) 
The following section outlines a scenario that has been modelled to illustrate the cost structure 
of CCS for coal-fired thermal generation as at the time of writing. The model aims to show three 
different cost scenarios and their effect on marginal returns. 
New Technology Costs and Performance (without CCS)   






Total overnight capital cost $/kW 2444 2885 3658 
Transmission capital costs $/kW 21 25 31 
Fixed O&M $/kW/yr 82 97 122 
Variable O&M  mills/kWh 14 17 22 
Unit size MW 720 720 720 
Fuel $/MMBtu 5.28 5 5 
Lifetime  years 40 40 40 
Heat rate Btu/kWh 8822 8822 8822 
Capacity factor % 80 80 80 
CO2 Emissions Kt / yr 3856 3856 3856 
Figure 11 reference scenario, (source: author) 
The following table outlines the three carbon price scenarios used in the model overleaf. The 
first scenario “carbon low” assumes a low price of carbon where the price starts at $25 and rises 
to $93 over a 40 year period. The second scenario “carbon medium” also starts at $25 but rises 
faster to $181 over a 40 year period. The third “carbon high” has a start price of $50 and rises to 
$293 over the 40 year period. These gradients were extrapolated from estimates by the ministry 
of economic development in their G1 through G4 renewables carbon-pricing scenarios (Ministry 
of Economic Development , 2012).  
 


















Carbon Capture and Storage Technology Cost & Performance          
  Units Low Med High Variables Notes  
Capture from IGCC 2013 $/tCO2 15 25 40       
Transportation $/tCO2 3 5 8       
Geo-sequestration  $/tCO2  3 5 8       
Monitoring and Verification  $/tCO2  0.1 0.2 0.3       
Marginal Capital Cost NZ Million  $            3,666   $           4,155   $            4,888        
Marginal Fixed O&M $ 0 0 0   Data unavailable    
Marginal Variable O&M $ 0 0 0   Data unavailable    
Total Cost per ton CO2  $  $            34.78   $           58.02   $            92.79      
Total Cost  $  $ 211,313,898   $308,224,825   $ 453,247,560        
Unit Size MW 720 720 720       
Marginal Fuel Cost $/hr  $            9,459   $           9,459   $            9,459        
Heat rate btu/kWh 11310 11310 11310 22% <<< efficiency penalty 
CO2 Capture rate % 90% 90% 90%   Typical capture    
Capacity Factor % 80% 80% 80%   
Base load with 20% downtime CO2 Captured Kt/year 4170 4170 4170   
Cost of CO2 not captured $  $   27,121,496   $  47,247,595   $   78,841,557        
Carbon Price $  $            59.13   $         103.00   $          171.88        
Gross income $  $ 246,559,051   $429,523,591   $ 716,741,429        
EBIT $  $     8,123,657   $  74,051,170   $ 184,652,312        
Net Income $  $     5,849,033   $  53,316,843   $ 132,949,664        
Medium Range Initial Investment  Net cash year 1 Discount rate Plant life NPV IRR Gov Grant $Mil 
Medium Range  $ (1,491,456,000)  $   53,316,843  10% 40 ($881,879,901) 1.87%  $                 1,500  
Low Range  $    (139,520,000)  $     5,849,033  10% 40 ($74,838,188) 2.81%  $                 2,500  
High Range  $ (2,019,360,000)  $ 132,949,664  10% 40 ($653,853,172) 5.93%  $                 1,500  
Figure 13 IGCC 2013 Marginal cost of CCS NPV Model (source: Author) 
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10.4.5.1 Cost estimations, assumptions and sensitivities  
 The model above covers three scenarios, termed here as low, medium, and high and is 
designed to show the how the cost structure changes through different inputs.  
 The carbon price inputs are determined by an averaged value over the life of the plant as 
if would be the case for a contract for differences (CFD) held between the credit issuer 
(NZ government) and the project sponsor. These are seen in the carbon price row as 
$59.13, $103.00 and $171.88 (low, med, high respectively) as mid points on the graph in 
Figure 12 above. 
 The costs of fixed and variable O&M are not shown here as a reliable estimate could not 
be obtained due to lack of demonstration. While these costs are not expected to be 
significant (relatively) they will lover the IRR and NPV still.  
 The efficiency penalty shown here is a best estimate based on literature reviewed. An 
important point to note is that the value of the project is very sensitive to this efficiency 
penalty; with the internal rate of return on the medium scenario diminishing by ~0.25% 
for each 1% increase in efficiency penalty. This is due to the large increase in fuel costs 
for the plant to make up for the power used in the capture and compression of the CO2 
from the flue gasses.    
 Another significant cost and sensitivity is the capture rate, shown at 90% here across all 
the scenarios as it is widely deemed to be most efficient (Adam Whitmore, 2009). Since 
such a high carbon price is required to enable CCS for coal plants the remaining balance 
of un-captured CO2 becomes a very significant cost for the project, seen in the medium 
scenario to be ~NZ$47 million per year.  
 A large assumption and relative unknown in this model is the marginal capital build cost. 
These have been estimated considering international estimates from both academia and 
industry, along with estimates used by the Ministry of Economic Development in their 
energy long run marginal cost model. Capital expenditure for these CCS plant costs is 
expected to reduce significantly in the coming decade (International Energy Agencey , 
2011).   
 The net present value (NPV) for each scenario has been determined as a marginal cost of 
the CCS equipment over and above the cost of the original plant build, this NPV is based 
on 10% discount rate, 28% corporate tax rate and 2.4% inflation (best estimates 2013).  
 As can be seen from the internal rate of return (IRR) there is a large discrepancy after 
the cost of capital. This shortfall would need to be made up by: 
- larger contribution in the form of government grants;  
- lower costs; or  
- higher carbon prices.  
Though as we can see the government contributions are already in the order of NZ$1.5 – 
2.5 billion.  
 The results shown here are typical of other international estimates.  
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10.4.6 NPV model conclusions: 
Further analysis was carried out using the above model to determine the carbon price required 
for break-even point with a discount rate of 10%. This analysis was conducted on the medium-
costs scenario with the following variables: 
 Discount rate: 10% 
 Government grant: NZ$1.5 Billion  
 Inflation: 2.4% 
 Tax rate: 28% 
 CCS efficiency Penalty: 22% 
The above inputs produced a carbon price required of $NZ 136.50. This price is consistent with 
Shell and Chevron’s 2008 and 2007 estimates respectively (seen in Figure 5), but higher than 
other industry estimates. This is likely due to the conservative nature of the capture, transport 
and storage costs in the model used (when compared to academic estimates in Figure 10) 
10.4.6.1 Key Issues relating to cost of CCS projects: 
 Large chance of cost overruns  
- The project is based on new technology 
- The client is in a hurry – constrained by environmental factors  
- Few possible contractors are available 
- The government is paying/backing  
- The project is large and requires significant cooperation between different 
industries  
 The total cost of retrofit + existing plant cost > cost of new plant with CCS.  
10.4.6.2 Recommendations  
 Costings and projections are still largely based on unproven technologies and scenarios. 
Large variations between both industry and academic estimations are illustrative of this. 
 The large carbon price required for a coal-fired CCS example makes a project of this 
nature currently infeasible. At the time of writing the carbon price was approximately 
NZ$2.50 on spot market, and $25 value upon issue from the government, with the 2-for-
1 tonnes-for-credits window still open this is halved still. This situation effectively rules 
out carbon credits as a plausible price signal until significant policy change occurs.  
 However, as identified in Figure 5 CCS costs are expected to drop considerably by 2030, 
given the Ministry of Economic development’s carbon price projections used in their 
electricity demand and generation scenarios this suggests there will be a point within the 
next 10-15 years that the cost of CCS will drop below the rising carbon price signal. 
Further analysis should be undertaken to predict where this cross-over occurs to ensure 
that the balance of the CCS support system is in place and operational.       
 It is also recommended that the analysis undertaken above should be reiterated after 
demonstration at scale is undertaken internationally.  
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10.5 Incentives 
Objectives: 
1. Identify possible incentive structures for CCS appropriate for use in New 
Zealand. 
2. Evaluate each approach for effectiveness in encouraging the 
implementation of CCS. 
Incentive policies that can help encourage CCS implementation include: 
- Creating a value for CO2 emission reductions (ETS); 
- Providing public funding, tax incentives or subsidies; 
- Establishing mechanisms to reduce uncertainties, including a firm liability regime; or 
- Making CCS technologies compulsory. 
10.5.1 Value of CO2  
Carbon price projections are based on large assumptions and inherent uncertainties in: 
- Policy  
- International frameworks 
- Low carbon technology development 
- Fossil fuel prices 
10.5.1.1 Key issues on carbon price for CCS in New Zealand  
 Carbon pricing via the ETS in its current state is ineffective 
 Price of carbon credits need to exceed1:  
- NZ$100 per tonne if the only signal for thermal power generation 
- NZ$25 per tonne if signal for coal to liquids plant in southland 
- NZ$ 19 per tonne if signal for natural gas processing  
- NZ$ 12 per tonne if signal for fertiliser production (like urea in southland)  
- NZ$ 11 per tonne for liquid natural gas (LNG) processing  
10.5.1.2 Recommendations: 
 Recommendations made in ETS section shall be implemented to raise price of New 
Zealand carbon units 
10.5.2 Contract for Differences 
A Contract for Differences (CFD) is a proposed long-term transition mechanism with 
configurations that could be ideal for CCS. Under a CFD, a project receives a fixed price or 
“strike price” for the product delivered, in this case abated carbon. If this price is higher than 
what is normally traded on the wholesale market then the operator is paid the difference, and 
conversely if the strike price is lower than wholesale then the operator pays back the difference. 
                                                          
1
 From tables in costs section 
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The advantage of this tool is that the contract price can be set at the appropriate level to enable 
the use of a certain type of technology like CCS. 
10.5.2.1 Key Issues for CFD application to CCS in New Zealand   
 A contract for differences has the ability to bring an appropriate price signal forward in 
time allowing greater ability in carbon abatement sooner. 
 Large CFDs would secure the government’s policy settings. Providing more certainty to 
industry as a whole but also a barrier to entry into the initial contract. 
 
10.5.3 Public Funding Mechanisms  
There are two main public funding systems appropriate for CCS in New Zealand as proposed by 
the global CCS institute. These are: loan guarantees; and liability provisions. 
1. Loan guarantees essentially reduce the financial risks of CCS projects. This is done by 
the government promising to repay debt financing if the original borrower (builder of 
a CCS project) defaults, reducing the financial risks of CCS deployment to investors. 
This option is only available however in cases where debt financing is available in the 
first place.    
2. In order to overcome uncertainty of the operators liability for damage caused as a 
result of a CCS project, clear liability provisions shall be adopted. This has taken 
place in the EU where compulsory financial security is coupled with a system that 
transfers long term liability to the government after a certain period and conditions 
are met.    
10.5.4 Mandating CCS technologies  
One option available to the government is the mandating of CCS technologies, or a ban (or semi-
ban) on carbon emissions. This would increase investment in CCS technology.  
10.5.4.1 Key issues for mandating of CCS in New Zealand  
 There has been a moratorium in New Zealand on the building of new coal-fired power 
plants (subsequently overturned).  
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10.6 Financing 
With the capital costs of full scale CCS projects running into multi-billion dollar expenditures, 
government support will almost certainly be needed in most cases along with financing from the 
private sector.  
Objectives:  
1. Determine sources of debt financing that may be appropriate/ willing to 
invest in large CCS projects 
2. Determine conditions financiers are likely to require 
10.6.1 Financial sources 
The following table has been populated according to data recorded by a survey undertaken by 
The Climate Group: Mobilising private sector finance. (The Climate Group, 2012) 
Type Suitability Notes 
Structured Finance  Post-demonstration Expensive due to technology 
risks, only for strongest 
sponsors. 
Corporate lending  Only for large sponsors Need >20% return, will 
require government fall-back 
Corporate debt  Post-demonstration Will back capture-ready (no 
storage) plants with less than 
25 year terms 
Corporate equity Only small equity share Maximum 10% equity 
Infrastructure funds Post-demonstration Need >15-20% returns 
Private equity  Only Venture Capital Too expensive 
Figure 14 Suitability of finance sources (source: author) 
10.6.2 Key prerequisites required by financiers 
 A performance indicator from a well-regarded contractor or equipment supplier on the 
entire capture and generation chain must be provided.  
 Major sponsors of the construction project must have successfully managed sizeable and 
complicated infrastructure projects in the past.  
 CCS must be shown to be on a path toward economic and competitive independence 
from government and public funding.   
 A performance guarantee for the plant spanning the entire capture stages through to 
storage and power station itself.   
 Equipment providers and engineering contractors to be prepared to risk their reputation 
on the performance of the equipment.  
 Guarantee that the plant’s performance is robust throughout difference operating 
environments (Climate Group, 2012) 
10.6.3 Recommendations: 
 Financiers are all waiting for demonstration. After CCS for thermal plants has been 
proven at scale more accurate estimates on equity and capital costs will be available. 
 CCS proponents need to focus on storage risks.   
  45 
 While CCS remains in its demonstration infancy, any projects will need to be almost 
entirely funded by public sources. This funding will need to be sufficient to cover both 
the large capital expenditures and any long term inefficiencies created by CCS.  
 In New Zealand both public and private capital availability is low. This emphasizes the 
need for the focus of funding into a single project instead of the division of funding 
across a variety of initiatives.    
11 Flue Gasses and CO2 Separation 
Given the large capital costs of CO2 separation for CCS we wish to know why it is necessary to 
separate the CO2 from the other gases. There are technical, legal and commercial problems that 
would arise upon the absence of CO2 separation and the subsequent geological sequestration of 
compressed flue gases. 
In a pulverised coal power plant the CO2 component of the exhaust stream will typically make 
up ~12% of the gases by volume. The other main components are nitrogen 67%, oxygen 12% and 
water 8% (approximately). For natural gas fired plants the CO2 component is typically much 
less at around ~3-5% by volume. Therefore the volume of gas to be compressed transported, 
stored and monitored would increase by approximately 6 to 30 times, representing much higher 
capital and operating costs for the latter stages in the CCS chain.  
Another reason CO2 is usually separated from the flue gases is that other gases in the resulting 
gas stream would very be corrosive and require much more expensive materials to transport it to 
avoid catastrophic corrosion. 
CO2 capture is more efficient when the CO2 concentration in flue gas is higher. Higher CO2 
levels can be achieved by a technology called oxy-fuel combustion – where pure oxygen is used 
as the oxidiser rather than air. With oxy-fuel combustion the flue gas is mainly made up of CO2 
and H20, this can then be compressed and sequestered without separation. The flue gas from 
this process can also be recirculated to achieve higher CO2 concentrations above 90%.  
Oxy-fuel combustion is still under development and is not yet commercial in power plant 
applications thought it is used  in some industrial processes e.g. in the glass and metals 
industries, though without separating CO2 from the resulting gas stream. 
Most legal systems in the international context designed specifically for CCS allow only for the 
injection of CO2 into geological formations. In New Zealand under the current Crown Minerals 
Act 1991 only the injection of petroleum or petroleum in a naturally occurring mixture with 
other substances is allowed for. If New Zealand follows other countries such as Canada or 
Australia with their CCS legislation, it is likely that changes will allow only for the injection of 
CO2. 
In the absence of separation capital expenditure is lowered for capture plant; also gains are seen 
in the absence of commercial penalty paid on non-captured CO2. On the other hand cost 
increases are seen in:  
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- Fuel needed to power larger compression 
- Larger transport costs to handle volume increase pipeline specifications 
- Larger compression and cooling plant costs 
- Wellhead and related injection cost increases 
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Appendices  
12 Appendix A: Literature Review and Stakeholders 
Below is a brief overview of relevant literature that was reviewed during the background 
research of this project. A more in-depth review can be found below in the stakeholders section - 
this section is intended to outline larger contributors to the New Zealand CCS context including 
their published literature.  
Literature Author / 
organisation 
Title Summary and application 
CSIRO - Kenshi 





Peta Ashworth and 
Mallory James (2012) 
Understanding how individuals 
perceive carbon dioxide  
Collection of survey results 
from focus groups and 
stakeholders. Implications for 
acceptance of carbon dioxide 
capture and storage  
Global environmental 
change - Atsushi 
Ishii, Oluf Langhelle 
(2010) 
Toward policy integration: 
Assessing carbon capture and 
storage policies in Japan and 
Norway 
Criteria for assessing CCS 
policy in terms of its level of 
policy integration. Assessment 
framework for integrated CCS 
policy.  
Energy conservation 
and management - S. 
Julio Friedmann, 
James J. Dooley b, 
Hermann Held c, 
Ottmar Edenhofer 
(2005)  
The low cost of geological 
assessment for underground CO2 
storage: Policy and economic 
implications 
Provides an overview of 
different cost structure and 
incentive policies of CO2 
storage and their effect on the 
economy and market places  
Energy Procedia - 
Sandeep Sharmaa.B, 
Peter Cooka, Charles 
Jenkinsa,c, Tony 
Steepera, Mal Leesd, 
Namiko, 
Ranasinghee (2009) 
The CO2CRC Otway Project: 
Leveraging experience and 
exploiting, new opportunities at 
Australia’s first CCS project site  
Outline of the OTWAY mission 
and outcomes - first CCS 
project of its kind In Australia, 
mainly deals with risk 
management and technical 
application  
Global CCS institute - 
Schlumberger, Baker 
and McKenzie, EPRI, 
Worley Parsons 
(2009) 
Strategic analysis of the global 
status of carbon capture and 
storage. Report 1.  
Comprehensive status of 
global CCS projects including 
failed project and post-failure 
assessments  
American Chemical 
Society - Keith. D, 
McKoy.S, Pollak.M, 
Reiner,D (2008) 
Regulating the geological 
sequestration of CO2 
This paper covers the long-
term strategy and liability 
issues association with the 
storage side of CCS, EU and 
USA focused.  
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Energy Procedia - 
Røyrvik, Ja, Schei 
Olsen, Ma Aasen 
(2012)  
Political rationality and CCS 
discourse 
The role of political influence 
in carbon abatement, 
Norwegian and Sleipner CCS 
project focus. Overviews the 
different structures of public 
debate about CCS 
Ministry of Economic 
Development New 
Zealand (2011) 
New Zealand Energy Strategy 
2011 - Developing our energy 
potential  
High-level policy and strategy 
for New Zealand. Fossil fuels 
and renewables projections. 
Some reference to CCS  





Tore A. Torp and Lars 
Høier (2011)  
Lessons Learned from 14 years of 
CCS Operations: Sleipner, In 
Salah and Snøhvit 
This paper covers post-project 
reviews for 3 of the world’s 5 
operational CCS applications 
for natural gas processing. 
Technical storage focus 
McLaren.J and 
Fahey.J (2005)  
Key legal and regulatory 
considerations for the geo-
sequestration of carbon dioxide in 
Australia  
Federal and inter-state legal 
and regulatory changes 
recommended, much like the 
legal review expected from 
Barry Barton in June 2013 
New Zealand. Some useful 
environmental risk 
considerations. 
Global CCS institute - 
2012  
The global status of CCS - 4th 
edition 
Key publication on the 
challenges and progress of 
CCS in global context. Very 
high level. Useful trends, 
emissions profiles and energy 
outlooks.  
Energy Policy - 
Elsevier - 
Holtsmarka.B, 
Mæstad. O (2012)  
Emission trading under the Kyoto 
Protocol - effects on fossil fuel 
markets under alternative 
regimes  
Models energy price changes 
in economic supply/demand 
terms under differing 
emissions trading scenarios. 
European Union focus.  
Energy Procedia - 
Marten. W, 
Wellenstein.E (2011) 
Drivers and barriers towards 
large scale Carbon Capture and 
Storage deployment and possible 
government responses - current 
insights from the Dutch 
perspective 
Covers financial, legal and 
regulatory, technical and 
organisational barriers and 
possible government 
responses to stimulate CCS 
deployment. European focus 





Development and distribution of 
the IEA CCS Model Regulatory 
Framework 
The IEA regulatory framework 
covers broad regulatory issues, 
and CCS-specific regulatory 
issues. The framework is the 
global standard for regulation 
and designed to work in a 
variety of legal systems 




CCS in New Zealand - Summary 
report 
Two case studies are modeled, 
lignite processing and gas-
fired power plant with CCS. 
NPV analysis. Broad legal and 
regulative issues.  
Scottish Power and 
National Grid - 
Carbon Capture and 
Storage Consortium  
UK Carbon Capture and Storage 
Demonstration Competition - 
FEED close out report 
Post project failure review. 
Excellent summary of critical 
issues and failures and 
recommendations for second 
round of the competition  




Twelve years after Sleipner: 
moving CCS from hype to pipe 
Review of the Norwegian 
Sleipner project after 12 years 
of operation in the North Sea. 
Some useful commercial 
perspectives on carbon policies  
Eco Securities - 
Austin.M (2012)  
The Business of Carbon Trading  Advertising education in 
carbon trading mechanisms. 
Kyoto overviews. Carbon 
pricing effects on abatement 
technologies.  
Unesco Center for 
Membrane Science - 
Ho.M, Allinson.G, 
Wiley.D (2008) 
Reducing the cost of CO2 Capture 
from flue gasses using membrane 
technology 
Technical overview of capture-
side technologies largely in the 
R&D phase. Provides some 
useful insights into how the 
capture costs may reduce in 
the future  
Energy Procdia - 
Middleton.R, 
Bielicki.J, Keating.G, 
Rajesh.P (2011)  
Jumpstarting CCS using refinery 
CO2 for enhanced oil recovery 
Economic and commercial 
analysis of EOR revenue 





Economics of CCS for coal plants: 
Impact of investment costs and 
efficiency on market diffusion in 
Europe 
Technical economic evaluation 
for coal-fired CCS applications 
in Germany.  
US-China Economic 
& Security Review 
Comission (2011)  
Backgrounder: China's 12th Five-
Year plan 
Outlines Chinas energy 
outlook and makes mention of 
coal-fired growth and the role 
CCS will play as a technology 






CO2 Capture and Storage: Closing 
the knowing-doing gap, review 
paper 
Chemical engineering focus on 
capture side technologies. 
Review of R&D in capture, and 




Studies - Peter Cook 
(2011)  
Carbon dioxide capture and 
geological storage: Research, 
development and application in 
Australia 
High-level overview of the 
Australian position, quotes 
much of the OTWAY project 
by CO2CRC.  
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Energy Procedia - 
Tokoshige.K, 
Akimoto.K (2009) 
A framework to add incentives for 
managements after CO2 injections  
Incentives for monitoring and 
verification of CO2 movements 
and risks over long post-
closure periods. 
12.1 Transfield Worley Report  
This report, titled “CCS in New Zealand” was completed in September 2011 by the NZCCS 
partnership which was formed in 2006 to assess and address the enabling of CCS technologies 
at a commercial scale in New Zealand. The partnership is made up of representatives from 
industry and government, including the Ministry of Science and Innovation, the Ministry of 
Economic Development, the Coal association of New Zealand and Solid Energy Ltd.  
A consortium was commissioned and led by Transfield Worley Ltd to investigate the potential 
problems facing the use of CCS in New Zealand. These findings were published in CCS In New 
Zealand and provide the only detailed investigation in the New Zealand context. Key to the 
report were two case studies that were conducted; Case study 1 pertained to the implementation 
of CCS technology as a retrofit to an existing gas-fired power plant in the Taranaki region 
combined with CO2 input from nearby industry. Case study 2 investigated the feasibility of a 
lignite processing plant (to diesel) in Southland.  
While this report was thorough for the first of its kind, it also had some shortcomings when it 
came to commercial estimates. Both of the case studies provide information on the cost of 
implementing these projects, but from a business perspective fail to provide an indication of the 
project’s net present value (NPV) and an idea of risk estimates for financiers or the required 
carbon taxes or incentives. A large amount of uncertainty still remains in the cost of finding and 
assessing appropriate storage reservoirs, in the ability to gain public acceptance and resource 
consents.  
Another limitation of the CCS in NZ Study is the nature of the projects that were chosen for the 
case studies. A technical case study of the feasibly of CCS on the Kapuni gas processing plant, 
where CO2 is already separated from natural gas on a large, may well have provided a more 
accessible option (in terms of cost and risk) rather than CCS on a gas-fired plant – for which an 
example remains to be seen at scale in the global community.  
 
12.2 CO2CRC 
The CO2CRC or Carbon Dioxide Cooperative Research Center for Greenhouse Gas Technologies 
is an initiative that has been actively pursuing the success of CCS research and operations since 
2003. The Center is a joint venture comprised of participants from research bodies in New 
Zealand and Australia and also industry and governmental stakeholders.  
The most important contribution from the CO2CRC to date has been the success of the OTWAY 
project in Victoria Australia. The primary mission of this project was to demonstrate that CCS is 
a technically and environmentally safe way to abate greenhouse gas emissions.  
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The project has been a large success, and has been very beneficial to all the stakeholders 
involved. The post-injection monitoring programme is believed to be the most comprehensive of 
its type in the world.  
The CO2CRC is primarily focused on: 
- CCS technology research;  
- Developing risk management techniques; and  
- Monitoring and verification 
In 2009 the CO2CRC prepared a series of summary reports assessing the storage potential for 
CO2 in areas throughout New Zealand including: Canterbury, East Coast, Northland, Taranaki, 
Waikato, and Wanganui. These reports are technical in nature and also go some way into 
assessing the potential CO2 sources in the region. These reports were recently made publically 
available and can be accessed via the CO2CRC website (co2crc.com.au).   
 
12.3 The International Energy Agency (IEA)  
The International Energy Agency provides the CCS community with the IEA CCS Roadmap – a 
key document and provider of recommendations.   The Roadmap broadly covers: 
- Tracking the progress of global CCS projects; 
- Advising governments on the role CCS can play in GHG mitigation strategies;  
- Development of strategic pathways for the effective implementation of CCS projects; and 
- Analysis of UNFCCC mechanisms that could be used for CCS.  
 
12.4 Schlumberger Business Consulting (SBC) Energy Institute  
This is a “not-for-profit” organisation founded in 2011. It is a center for scientific and 
technological research into issues pertaining to the energy industry in the 21st century. The 
institute has the unique capability of integrating Schlumberger’s technological expertise with the 
Energy Institute’s global network.  
 
12.5 Global CCS Institute   
The Global CCS institute is an initiative aimed at fostering the broad international adoption of 
commercial scale CCS development. The institute was established by the Australian government 
in 2008 and formally launched in 2009 with AU$100 million a year in annual funding. The 
institute has already established itself in a pivotal role for the establishment of safe, economic 
and sustainable CCS projects. The institute has over 200 members comprised of national 
governments, industries, and research organisations.  
The CCS institute releases an annual Global CCS status report. The report covers current global 
status of capacity development, commercial and finance, Policy legal and regulation, public 
engagement and technology.  
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12.6 S.C. Page, I.G Mason, A.G Williamson  
Three researchers from the University of Canterbury published a paper in 2008 entitled Carbon 
Capture and Storage: An Appropriate technology for New Zealand? The paper discusses the 
applicability of CCS technology for thermal generation in New Zealand and how CCS may be 
able to help achieve carbon emissions reduction targets. The paper concludes that CCS is 
inappropriate for New Zealand’s needs, mainly based on considerable unresolved technical, 
commercial, and legal uncertainties and recommends public effort instead be spent on woody 
biomass for future thermal generation.     
12.7 Solid Energy 
Solid Energy is New Zealand’s largest coal mining company accounting for 85% of New Zealand 
production.  
Solid energy is known in New Zealand as a company with a diverse range of commercial 
interests. Currently Solid Energy is investigating possible uses of the vast southland lignite 
resources, for which it is likely consent, will not be gained in the absence of a detail greenhouse 
gas mitigation strategy. This may potentially involve CCS along with more conventional 
abatement initiatives.  
Solid Energy is a member of the New Zealand Carbon Capture and Storage Partnership and 
stakeholders in the CO2CRC initiative.  
12.8 New Zealand Carbon Capture and Storage Partnership   
The NZCCS Partnership was formed in 2006 to assess the enabling of CCS technologies at a 
commercial scale in New Zealand. Its members include industry and government 
representatives such as: 
- Ministry of Science and Innovation 
- Ministry of Economic Development/Ministry of Business Innovation and Employment  
- The Coal Association of New Zealand  
- Solid Energy 
 
12.9 New Zealand CCS Consortium  
A consortium was commissioned by the NZ CCS Partnership to be led by Transfield Worley to 
investigate the challenges facing CCS in New Zealand.  
12.10 Crown Research Institute – Department of Geological and Nuclear 
Sciences (GNS)   
GNS science is undertaking research on CCS in two separate research programmes. Firstly, in an 
industry and New Zealand public funded CCS research programme. Secondly, research funded 
through the Australian CO2CRC cooperative research center described above of which GNS is a 
sponsor together with Genesis Energy.  
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To date the Industry and publically funded research programme has released detailed overviews 
of New Zealand’s CO2 storage potential throughout our major on and off-shore basins.   
13 Appendix B: Policy Legal and Regulation 
13.1 Legal 
In November 2012 the Ministry of Business Innovation and Employment commissioned 
Professor Barry Barton to undertake study in order to provide recommendations on the legal 
and regulatory framework for CCS in New Zealand. The recommendations are due June 2013, 
and it is unclear as yet which form they will take; a new proposed bill or bills, or updates and 
amendments to the CMA 1991 and RMA 1992. The findings of this report will be very important 
for CCS in New Zealand.  
Currently New Zealand law does not allow for CCS operations. This is mainly due to how the 
injection of liquid CO2 into underground formations is interpreted under the Crown Minerals 
Act 1991 and the Resource Management Act 1992. It would be a high risk strategy for New 
Zealand to move forward with CCS without first outlining a well-structured regulatory 
framework and also providing some clarity on whom the long term liability rests after the 
(possibly mandatory) monitoring period. 
Complications arise with the Crown Minerals Act (CMA) 1991 around the language used in the 
act to describe the prospecting, exploration, or mining of exploitable mineral deposits. It is 
arguable that this could extend to underground mineral structures which could be exploited 
through the injection of CO2 but the Act is not clear, and it is obvious that it was not written to 
include this kind of activity (Barton, 2009).  
Since the CMA was passed, other countries such as Australia and Canada have each in turn 
passed legislation specific to the underground storage of CO2. We are behind in this sense, with 
lead periods after the passing of legislation often taking many years.  
The Oil and Gas industry in New Zealand has experience in the storage of gas reserves in vacant 
reservoirs, the most recent example of this is an operation undertaken by Contact Energy at 
Ahuroa in Taranaki. The project allows Contact energy to inject gas into the reservoir during 
summer periods when it is not needed (low electricity demand) to be stored for later use.  
While the injection of natural gas into a depleted reservoir does bare similarities to the injection 
of CO2 into similar structures, difficulties arise in the legal interpretation of the injected 
material, the current law only allows the injection of petroleum. The CMA provides a definition 
of Petroleum: 
- Any naturally occurring hydrocarbon (other than coal) whether in a gaseous, liquid, or 
solid state; or 
- Any naturally occurring mixture of hydrocarbons (other than coal) whether in a gaseous, 
liquid, or solid state; or 
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- Any naturally occurring mixture of one or more hydrocarbons (other than coal) whether 
in a gaseous, liquid, or solid state, and one or more of the following, namely hydrogen 
sulphide, nitrogen, helium, or carbon dioxide.  
Except in sections 10 and 11 [of the act], includes any petroleum as so defined which has been 
mined or otherwise recovered from its natural condition, or which has been mined or otherwise 
recovered but which has been returned to a natural reservoir for storage purposes in the same or 
adjacent area (Ministry of Economic Development (MED), 1991). 
It is clear that the CMA 1991 does allow the reinjection of petroleum, and with it a natural 
mixture of other substances including CO2 but this allowance stops short at altered or unnatural 
mixtures or concentrations - as we would expect liquid CO2 to be after chemical-process 
separation.  The other two points of note come from the end of the definition and concern the “… 
storage purposes in the same or adjacent area”. While CCS stands for Carbon Capture and 
Storage, storage usually means “the action or method of storing something for future use” 
(Oxford English Dictionary ) which is certainly not the aim of CCS which means to sequester 
carbon indefinitely.  
Problems also arise under the Resource Management Act (RMA) 1991. In its present state the 
RMA requires users to obtain resource consent unless CCS is a permitted activity under the 
relevant regional plan, or unless CO2 injection takes place outside of the 12 nautical mile limit of 
territorial waters.  
The administration of the RMA is directed by regional councils, who at present have little 
knowledge of CCS technology and its supporting sciences. The RMA is also not suitable for the 
exploration and assessment of CCS storage formations, injection of CO2, and subsequent 
monitoring and verification (Barton, 2009).         
Additionally, aside from the grants of mines and minerals, the RMA prescribes that subsurface 
formations belong to the same ownership as the surface. This means that the surface land owner 
must consent to CCS activities taking place under their land.  
Barry Barton of Waikato University believes that CCS operations need two key components from 
a legal structure in order to avoid conflict over property rights: 
 Authorisation under the CMA, RMA or other act in order to move forward legally 
 Protection, such that other parties cannot obstruct CCS operations through the use of 
proprietary rights.  
13.2 Regulation 
The International Energy Agency has developed a model regulatory framework as a guideline for 
adoption by CCS-developing nations to assist in the rapid deployment of CCS. The framework 
works in line with the recent findings in the IEA CCS Roadmap.  
The Framework has been developed with the assistance of Carbon Counts, Reed Smith LLP and 
UCL CCLP with the intention to serves as a tool to assist governments in the developments of 
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regulatory frameworks. The framework draws from CCS developments in the EU, Australia, and 
the USA amongst others, in an effort to leverage work being done  
Australia has one of the worlds most developed regulatory frameworks for CCS. The Australian 
federal government has already set in place primary and secondary legislation to govern onshore 
and offshore CCS activities.  
13.2.1 Geo-sequestration specific legislation  
In Australia, some CCS initiatives have been successfully regulated by specific pieces of 
legislation. Three examples of this include 
- South Australian petroleum legislation: providing for the transportation of CO2 by 
licenced transmission pipeline and the granting of a licence to store carbon dioxide 
underground (South Australian Petroleum Act 2000, 2000) 
- Queensland petroleum legislation:  creates the rights to store a prescribed storage gas 
(including CO2) in natural reservoirs (Petroleum and Gas (Production and Safety) Act 
2004 (Qld), 2004) 
- Barrow Island Act 2003; this act was written specifically for the Gorgon project and 
deals with the disposal of CO2 underground.   
13.2.2 Access and property rights  
Effective regulation of access and property rights shall cover (where possible): 
- Recognition and account for the interests of other stakeholders, including existing and 
future land rights holders; and  
- Provide certainty of entitlements and obligations to rights holders.  
13.2.3 Long term responsibilities  
Identifying who is responsible for long-term risks of a geo-sequestration project is arguably the 
most important issue for regulation. Recommendations for long-term responsibility regulation 
include that: 
 Responsibility and associated liabilities should remain with the project proponent 
until the Government is satisfied that: 
- Land-use objectives defined at the time of the project approval have been met; 
- The remaining risks of leakage and liability are acceptably low;  
- The on-going costs associated with the site are acceptable or are otherwise 
appropriately covered (financial assurances, trust funds etc.); and 
 After the injection site is closed, the primary responsibility will lie with Government.  
13.2.4 Environmental Issues 
The environmental risks associated with CCS are something that will benefit from continued 
updating as new research becomes available. This may require possible amendments to existing 
environmental legislation in order to adequately protect natural resources, the environment and 
human health and safety. There is a need for stakeholder certainty and a danger of 
overregulation in this area. 
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13.2.5 Authorisation and compliance  
The approach to authorisation and compliance can be modelled on existing regulation of other 
practices similar to the various stages of a CCS project, such as chemical manufacturing and 
storage of hazardous waste. Legislation currently in use can likely be amended to accommodate 
CCS.  
13.2.6 Monitoring and verification 
Regulation of monitoring and verification shall: 
- Require clear, comprehensive, and accurate information for the effective management of 
environmental, health & safety, and economic risks also to verify that performance 
standards are being met; and 
- Require accurate reporting of the quantity, composition and location of any gas 
captured, transported, injected and stored as well as the accurate reporting of net 
abatement of emissions. 
There is currently no legislation covering the movement and behaviour of geo-sequestered CO2 
in New Zealand. This will be crucial for CCS (Riddell, 2009).    
13.2.7 Transportation issues  
Given that gas transport by pipeline is allowed for in existing New Zealand legislation, this 
should be transferable to the transportation of CO2 for a CCS project. However CO2 is currently 
not included as a gas under the Gas Act therefore existing regulations for the transportation of 
gas do not apply for CCS purposes (Riddell, 2009) although the current NZS 5442 gas pipeline 
specification does allow up to 4% CO2 in the pipeline gas stream. This issue should be addressed 
by Barry Barton’s findings due June 2013.    
 
1. Political Framework 
1.1 Current Support 
The New Zealand Energy Strategy 2011 states that:  
 The cost of greenhouse gas emissions will be increasingly factored into world markets; 
 The price of oil will rise and become more volatile;  
 Non-renewable energy sources will continue to be an important part of the global energy 
mix for the foreseeable future; and  
 Given New Zealand’s fossil fuel endowment, the Government will continue to participate 
in international carbon capture and storage research initiatives (Ministry of Business 
Innovation and Employment , 2011). 
1.1.1 National government  
The National government has made various plans signaling their support for CCS technologies.  
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The Ministry of Business, Innovation and Employment recently announced an investment of 
$700,000 in research to better understand the opportunities and risks of adopting CCS 
technologies in New Zealand.   
The government has seen opportunity in the development of CCS technology for export and 
economic gain. The priorities for the government’s investment in this area have been in line with 
the goals of the carbon capture and storage partnership – bringing together government and 
end users of the research.  
In regards to Lignite, the Government has been broadly supportive of developing the resource. 
Energy Minister Gerry Brownlee has noted that lignite developments in Southland could heavily 
reduce imports of urea and a lignite-to-liquids plant “make a significant difference to the 
availability of fuels in New Zealand.” 
1.1.2 Labour  
There was a proposed 10-year moratorium on new thermal base-load power plants in New 
Zealand by the Labour government of 2007. This was subsequently scrapped in 2008 with the 
election of the National Government. Labour, The Greens, The Maori Party and the Progressives 
still claim to support this moratorium. This makes the outlook on NZ’s coal-plant future 
uncertain.  
Labour and any probable coalition partners may also oppose the use of CCS in lignite 
processing, claiming that the technology is enabling the further use of fossil fuels. Both the 
former and current Labour party spokespeople (Charles Chauvel and Brendon Burns 
respectively) have issued statements that the Labour party does not support the processing of 
Southland’s lignite resource. Unfortunately this may have been a poor start for CCS in New 
Zealand, with negative correlations being drawn by environmentalists instead of support for 
processes that can mitigate CO2 emissions.  
Former Labour leader Phil Goff also stated in 2011 that the Labour Party would “not support the 
mining of lignite, and its conversion to liquid fuels using current technologies, because of the 
high volume of greenhouse gases produced.” (Parlamentary Commissioner for the Environment, 
2010) 
1.1.3 Greens  
The Green Party has been active in campaigning against the mining and processing of lignite 
(100% pure not 100% coal).  Green co-leader Dr Russel Norman has called proposals to develop 
lignite plants with CCS “taxpayer subsidised madness.” The green Party’s energy policy states 
that they will “not support any conversion of lignite or coal to other fuels or fertiliser.” 
(Parlamentary Commissioner for the Environment, 2010) 
The party also takes the view that making the use of coal or lignite ‘cleaner’ through the 
introduction of CCS will result in a continuing reliance on coal. This is a common position taken 
by environmental advocates around the world. For example, Friends of the Earth Australia 
claim that the use of geo-sequestration and related technologies commit Australia to an 
emissions-heavy and fossil-fuel reliant future. They go on to state that CCS will ensure further 
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financial commitment to fossil fuels their supporting infrastructure. This will come at the cost of 
renewables.  
Balanced against this view, the Green Party is also the strongest proponent in New Zealand for 
the reduction of greenhouse gas emissions. The Greens have called for more ambitious targets 
and for more transparency in terms of carbon accounting rules.  
1.1.4 Parliamentary commissioner for the environment  
The parliamentary commissioner for the environment, Dr Jan Wright has expressed concern 
over the extended issuing of subsidies (free credits) in the ETS, the surplus these injections 
provide continues to leave the ETS grossly ineffective and inefficient (Submission on the Climate 
Change Response (Emissions Trading and Other Matters) Amendment Bill, 2012).  
The commissioner is also concerned that country’s worst emitters are currently only responsible 
for ~10% of the CO2 that they emit. She has also expressed that the phase-in is so slow under 
the way the ETS is currently structured that these emitters will still only be responsible for 50% 
of their emissions by 2050. These subsidies are reducing the incentives to reduce emissions – 
the primary way for New Zealand to shift to a low-carbon economy. 
On the topic of lignite, the commissioner remains an opponent taking the view that New 
Zealand’s lignite should remain in the ground until government subsidies for its exploitation are 
ruled out and effective GHG mitigation options such as CCS are proven.  
The commissioner supports the setting of a 2050 emissions reduction target for reducing 
greenhouse gas emissions and claims that the target of 50 per cent below 1990 levels by 2050 is 
not sufficient. She also suggests that the Government should improve the effectiveness of the NZ 
ETS by reducing the allocation of free carbon credits to producers and develop a stringent and 
viable plan for achieving New Zealand’s carbon abatement goals. 
1.2 ETS status 
New Zealand currently operates the only Emissions Trading Scheme outside of Europe. When 
the scheme was introduced the government issued carbon credits, needed for the emission of 
one tonne of carbon, onto the market at a price of $25.00 per unit. It was also allowed that these 
units could be used in the first two years as one unit to each two tons of carbon. Rendering an 
effective price of $12.50 per tonne at the initial offering to the public. Recently however, trading 
in spot markets has brought this price down significantly with credits now trading in the vicinity 
of NZ$2 - $3 per unit. The government has also amended the ETS to allow the two for one 
window to be widened indefinitely.   
New Zealand’s Stationary energy sector comprised of coal, gas, and geothermal has obligations 
to report their activities and surrender New Zealand Units (NZUs) or their equivalent from 
foreign systems under the New Zealand Emissions Trading Scheme (ETS). This sector does not 
receive an allocation of NZUs since it is not exposed to international trade and so is able to pass 
this cost on to consumers.  
The government has expressed in a number of ways that it wishes to keep the price on carbon 
low (e.g. widening of the 2-for-1 window (Climate Change Response Amendment Bill , 2012)). 
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Also allowing for the importation and use of European carbon offsets; encouraging the price to 
remain at a low level.  
The New Zealand’s policy on climate change has involved many mixed messages in the years 
since the implementation of the ETS. Emissions trading schemes have now been established (or 
are soon to be) in the European Union, Korea, China and some regional initiatives in the United 
States. The focus is now moving from international offsets and financing domestic abatement 
projects with compliance cash. These projects will help decarbonise energy and industry and 
build economic resilience.  
Since its implementation, the ETS has set no restriction on the quantity of units that can be sold 
into the marketplace, though the legislation does allow for the setting of these limits. The ability 
also exists for the restraint of imported International units. This is largely the reason why the 
price of NZUs has plummeted; oversupply. The capping of free allocations and the importation 
of international units would provide a genuine constraint on New Zealand‘s GHG emissions and 
to provide a basis for an effective carbon price signal. 
1.3 Carbon Budget Deficit 
Currently New Zealand is failing to reduce gross greenhouse gas emissions and this trend is 
forecast to keep rising out to 2050. Further to this problem, treasury predict that in the 2020s a 
large amount of forests will be harvested, if this eventuates credits issued to the foresters will 
need to be paid back -at which point they will become a contingent liability on the government’s 
accounts. The way the ETS is designed to cover this liability is that in the meantime large 
emitters pay enough in their purchase of credits to cover this liability (cost). However this has 
not been the case, in the first Kyoto commitment period the government largely used forestry 
credits to make up for future emissions.  
This will be of concern to the government and goes some way towards explaining why the New 
Zealand carbon price has been allowed by the government to drop to where it is today.  
Under the Kyoto protocol, countries that overshoot their targets are able to purchase offsetting 
credits instead. With the current state of the carbon deficit, Treasury has forecast that New 
Zealand will obtain the credits it needs from overseas. This is a costly option to rely on – and 
assumes that these credits will be available.  
The ETS was designed to have an initial transition/phase in period, after which the ETS would 
be ramped up to start collecting significant amount of money that could be used to cover any 
liabilities, but also to fund GHG abatement projects. 
Recent changes to the ETS in July 2012 have weakened it further. The changes effectively limit 
ETS income to today’s minimal levels.  
For the first Kyoto commitment period (2008 to 2012) there was an emissions target in New 
Zealand to return to 1990 emissions levels on average over the 5 year period. The results 
achieved were 56 Mt CO2e in excess of this target, which relates to 18% above 1990 levels, this 
was the gross figure before offsets, the Net emissions for the first Kyoto period were 31% above 
1990 levels.  
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This gives: 
- A National Position; the extent to which targets are met by domestic reductions or need 
to be paid for by purchasing credits from other countries of 23Mt CO2e in credit (Kyoto 
‘gross/net’ accounting) 
- An ETS Position (balance of revenue vs. expenditure under the ETS) of 74Mt CO2e in 
deficit. 
- A Taxpayer Position (National + ETS) 51Mt in deficit.  
The size of this liability depends on how the government chooses to legislate on the carbon 
price, if the price on carbon is $25/ton then this relates to a NZ$1.275 billion deficit.   
Treasury’s projections for the subsequent Kyoto commitment periods (2013 to 2050) would 
have had this external budget deficit blowing out to 1,131 Mt under the current policy settings. 
While the average price on carbon for that period would be expected to be higher, at a very 
modest value of $50/tonne used by treasury this deficit would have a value of NZ$56.3 Billion.   
1.4 The Australian Model  
The Australian Carbon tax was implemented on July 1st 2012. This tax required the countries’ 
500 biggest polluters to pay a fixed price (AU$23) for their emissions directly to the 
government. The tax will transition to a cap-and-trade scheme on 1 July 2015 with both a price 
floor and price ceiling in place for the first three years of the cap and trade model.  
1.5 Australia and New Zealand Merging Schemes  
In the long term some have called for the New Zealand and Australian carbon schemes to be 
linked, and as such have a very similar price on carbon. The government has made various 
signals that this will indeed be the case. But at the same time there have been other actions 
undertaken which may make the merging of the two schemes difficult.  
New Zealand is due to review its climate programme in 2015. This was initially scheduled to take 
place a year later but was brought forward to align with Australia’s planned phase-out of the 
fixed price option and the introduction of market based pricing.  
The Minister of Climate Change Tim Groser has said that “the review is ideally a place to allow 
us to start linking at an operational level, rather than just talking about it” (Eco-Business, 2012). 
The merging of the two schemes will ensure greater market liquidity, and potentially a much 
higher carbon price for New Zealand. Though when this strategy is compared to how the New 
Zealand Government has recently lessened the strength of the ETS, it becomes difficult to see 
how Industry will be expected to adjust to at least an AU$23.00 carbon price in a short space of 
time.  
The Australian government has also announced their intention to link their scheme with the 
European Union by 2018 (Clean Energy Future, 2012).  
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Russell McVeagh in their Climate Change Issue Alert have stated that the decision to opt out of 
the second Kyoto commitment period (CP2) is a strong signal of departure from the Australian 
and European climate change policy approach.  
The Australia – New Zealand Carbon Pricing Officials Group was established in 2011 to 
investigate how the two schemes could be linked. No findings have been publically released by 
the group to date.  
